On the basis of historical data and field studies conducted in 2003 and 2005, the bryopyte flora of Volzhsko-Kamskiy Nature Reserve presently includes 162 mosses, 44 liverworts, and 1 hornwort. Twenty doubtful records of previous authors are excluded. Raifa, one of two territories of the reserve, is known for its old-growth spruce forests and as the SW limit of Abies sibirica in Europe. This territory has relatively complete historical data on hepatics from the 1880s and mosses since the 1920s. A comparison of the bryoflora found in our recent study with that documented earlier reveals changes in the bryoflora, particularly in representation of certain species. The maximal decreases are in epixylic species, associated with spruce and fir forests, and also in mire species. At the same time a relatively eutrophic epigeic forest species seems increase their abundance. . Ðàèôñêèé ó÷àñòîê çàïîâåäíèêà, èçâåñòíûé ñâîèìè âåêîâûìè åëüíèêàìè è íàèáîëåå þãî-çàïàäíûìè ïîïóëÿöèÿìè ïèõòû ñèáèðñêîé, áûë ñðàâíèòåëüíî ïîäðîáíî èçó÷åí â îòíîøåíèè ïå÷åíî÷íèêîâ c 1880õ ãîäîâ è ôëîðû ìõîâ ñ 1920õ ãîäîâ, ÷òî ïîçâîëÿåò ïðîàíàëèçèðîâàòü èñòîðè÷åñêóþ äèíàìèêó áðèîôëîðû. Íàèáîëåå çíà÷èòåëüíîå ñîêðàøåíèå âèäîâîãî ñîñòàâà îòìå÷åíî ñðåäè ýïèñêèëüíûõ âèäîâ, òàê èëè èíà÷å ñâÿçàííûõ ñ åëîâûìè è ïèõòîâûìè ëåñàìè, à òàêaeå ñðåäè áîëîòíûõ âèäîâ. Â òî aeå âðåìÿ, îòíîñèòåëüíî ýâòðîôíûå íàçåìíûå ëåñíûå âèäû ñòàëè âñòðå÷àòüñÿ, ïî-âèäèìîìó, ÷àùå.
INTRODUCTION
Volzhsko-Kamsky Nature Reserve includes two territories, Raifa and Saraly, separated by about 100 km. Raifa Territory is situated to the West of the city of Kazan. The forest in this area was very little used over a period from 1674 to 1918, when it belonged to the Raifa Monastery. As a result, virgin spruce and fir forests were preserved here almost at the border with the steppe zone. These forests are considered the least disturbed ones in all of European Russia, and this fact readily explains the abundance of rare plant species known to occur in this area.
Botanical exploration of Raifa was initiated in the 1880s, and since the 1890s it has been a place of regular summer classes in botany and zoology for students of Kazan University. In the late 1920s, Raifa was given protected status, which, however, was removed in the 1930s. Later, partial protection status was given and removed on and off until 1960, when the site was officially protected as a reserve (Bakin, 2001) . The protected area of Raifa Territory was 38.64 sq. km until 2000 when it was expanded up to 59.21 sq. km.
The forest in this new part of the reserve was cut in the second half of XX century, but 15-20 sq. km in the core area of the Raifa Territory, was not subject to clear cuttings for a long time, and the oldest woods here are 200-280 years old.
Saraly Territory is situated at the confluence of the Volga and Kama Rivers. An extensive water-reservoir established on the Volga River raised in the 1960s raised the level of the river more than 30 meters. As a result, there is a totally new beach area. Shortly before the establishment of the Reserve in 1960, forest in this territory was cut, so now rather few trees older than 60 years are scattered among relatively young pine and broad-leaved forests. The Saraly Territory has a protected area of 39.15 sq. km.
CLIMATE AND VEGETATION OF RAIFA In Raifa Territory, the mean annual temperature is +4.3°C and annual precipitation is 682 mm (see also Table 1 ). The soils in the area vary from sand to a relatively light loam.
Forests in the Raifa Territory are composed mostly of Pinus sylvestris and Tilia cordata (Table 2), especially if the forest is classified by the tallest tree, as it is done in this table. However the most intriguing is the role of Picea ×fennica (P. abies × P. obovata). According to Ivanov (1995) , in 1903, spruce occupied 24% of Raifa Territory, whereas in 1925, only 1.8%. This decline is obviously corresponds with the major forest-fire of 1921. Later, during the XX century, spruce started to spread, but in recent decades it declined again, and in 1993 it occupies less than 2% of the territory ( Table 2 ). The latter figure, however, has to be compared with spruce undergrowth (Fig. 1 ). This illustrate spruce dynamics in one of the most common types of pine forest (Oxalis acetosella type) from 19861991. The same pattern can be seen for almost all types of forests (Bakin & Ivanov, 2004) . No fire has occurred since 1991, thus in 2003 and 2005, when we conducted our studies of bryophytes, the representation of spruce became much greater, and many pine forests looks now look more like spruce forests. Concurrently to this, the lichen-type of pine forest, which was relatively widespread ca. ten years ago, has changed almost everywhere to Pleurozium-type, while Pleurozium is being replaced by Calamagrostis arundinacea, Oxalis acetosella, Vaccinium mytryllus, ferns, etc. At the same time, Picea forests are being replaced by Tilia. At least, some Tilia forests now have old, scattered trees of Picea.
Abies sibirica has a very limited occurrence in the Raifa, and it grows intermixed with spruce and Tilia. In recent decades, however, along with the decline of spruce, Abies has disappeared from many places where it was noticed in the mid-XX century. In 2003, we were able to find just a few small trees of Abies in forest compartments #33 and #37. These forests were especially wet and were rich in temperate bryophytes (e.g. Anomodon attenuatus and Fissidens taxifolius were Table 2 . The percentage of territory covered by the main trees in Raifa and tendencies of their changes. Data are translated from Bakin & Ivanov (2004) , for the territory of 2611,45 hectars that was studied in 1925. found only here), some of which (Anomodon longifolius, Neckera pennata, Homalia trichomanoides, etc.) were especially abundant here.
Old, broad-leaved forests (Quercus robur, Acer platanoides, Tilia cordata, Ulmus scabra, Fraxinus excelsior) are common now in a few areas, in the southern (#65, 66, 67,78, 79, 80, 81), western (#20, 32, 33, 37, 46) , and northwestern (#1, 3) parts of reserve. Carex pilosa, Galeobdolon luteum, Mercurialis perennis, Matteuccia struthiopteris are dominants in the understory here. These broadleaved forests are rather open, thus favouring epiphytic vegetation composed of Anomodon longifolius, Leucodon sciuroides, Neckera pennata, Homalia trichomanoides, Dicranum viride, Pseudoleskeella nervosa, Platygyrium repens, etc.
Two small (3-5 m wide) creeks, Sumka and Ser-Bulak (Ser-Bulag), are crossing the Raifa Territory. Though these creeks are relatively small, their valleys increase the species diversity of this territory greatly: Sumka Creek has steep banks with eroded places that are the only place in Raifa where Fissidens bryoides grows in sufficient quantity.
The valley of Ser-Bulak Creek, and also in its ancient valley, forms a series of lakes and mires are formed. Some of what were lakes in the 1960s are transformed now to mires, with quite a soft quaking mat, but with no, or very limited, open water in their centres. These mires, and also boggy banks of lakes, are formed by Sphagnum fallax, S. teres, S. magellanicum, S. squarrosum, etc. In places, Helodium blandowii is quite common, but we failed to find Meesia triquetra and Hamatocaulis vernicosus, which were documented in Raifa by Ariskina in 1948 (KZN) .
SARALY TERRITORY Saraly Territory is a bank of the Volga-Kama water reservoir (The Kuibyshev' Water-reservoir), with elevations ranging from 50 to 120 m. As the lower parts of slopes to the Volga and Kama Rivers were flooded in the 1950 and 60s by the reservoir, the Territory presently comprises the middle part of actual slopes and a partly flattened watershed area. The soils are mostly sandy or otherwise light loamy.
This area is contrastingly different from Raifa in its vegetation. Spruce forests are absent (a few cultivations of spruce still exist, but look very unsuccessful). Pine and broad-leaved (mostly Tilia +Quercus) forests dominate; however they are mostly herbaceous. Mossy pine forests are found on dunes relief in the southern part of the Territory, and depressions in that area have a number of small (30150 m across) Sphagnum bogs.
Broad-leaved forests in Saraly are much dryer than those in Raifa, so the composition of epiphytic mosses is much poorer. Pseudoleskeella nervosa is the most common species, and we were able to find Anomodon longifolius and Neckera pennata only few times, usually on solitary trees.
Ravines are also dry, and only two places were found with a relatively rich moss flora on eroded banks. One of these was along a road on a slope and another was in one of the ravines, which had, many tens of years ago, a road along its bottom.
Water-reservoir shores are occupied at places by a belt of Typha and Phragmites. The water level fluctiates 1(-2) m, leaving little space for mosses, while aglae completely dominant here, and Riccia and Ricciocarpos were found in a few places.
BRYOLOGICAL EXPLORATION Saraly Territory has never been studied for bryophytes before, but Raifa Territory became a subject of bryological studies as early as 1882-83, when P. N. Krylov, a professor of Kazan University, undertook here his first botanical excursions here. His moss collections were identified by Brotherus and published later in an annotated list of mosses of Tatarstan (Krylov, 1904) . Among 99 species in Tatarstan, 27 were reported from Raifa (obviously, most of them are quite common ones). Specimens are in KZN. It appears that Brotherus did not identify the whole collection, since some difficult families, e.g. Brachytheciaceae, are totally absent in that publication. Hepatics collected by Krylov were identified and published later by Zenkova (1951) . Her publication includes 41 species from the vicinity of Kazan, and 24 of them are reported for Raifa. These collections, as explained in that paper, are in TK.
A small addition to the moss flora was published by Ponomarev (1913) . Then, in 1929, the Raifa forest was studied by L. N. Vasil'eva. She collected a fairly complete set of bryophytes, but published only the list of Sphagnum species (Vasil'eva, 1933 In 1948, the territory of Raifa forest was explored by N. P. Ariskina, who later published a list of Raifa' bryophytes (Ariskina, 1968) . Her list includes 160 species, many of them annotated with data on habitats, associated species and frequency. The basis for this list includes her own collections of 1948 (now in KZN), and also specimens from Vasil'eva's collection, although there is no published reference on the latter. However, from a comparison of the paper of Ariskina and the herbarium of Vasil'eva in KZN, this fact is absolutely clear. Moreover, several specimens from the Vasil'eva' collection were obviously divided and part of them supplied with a new label Raifa, coll. Ariskina, 1960 . These circumstances are considered in the historical analysis below.
In 2003 and 2005, the territory of the entire Volzhsko-Kamskiy Nature Reserve was re-studied by Ignatov and Ignatova. Their moss collections are in MÍÀ, with most duplicates in MW, and their hepatics, which were identified by Konstantinova, are in KPABG, with almost complete set in MHA and MW.
LIST OF SPECIES Ariskina's 1968 list has a special mark (asterisk) for species that were collected by her for the first time, but it is impossible to find out if she recorded species found by prior authors. For the sake of maximal information retension, in the following list, we indicate species reported first by Ariskina with À++, and those not reported first by Ariskina with À+. An A indicates species not reported by Ariskina (1968) , and !A denotes specimens in KZN (mostly from 1948, all of them verified).
Records from Krylov (1904) are marked K+; those of Zenkova (1951) are marked Z+; those of Vasil'eva (1933) À++ (rare on soil in forest). We collected it several times on wet soil on meadows and along forest roads, once on rotten log at creek bank [3] [4] [5] [6] [7] [8] [9] [10] [11] . Buxbaumia aphylla Hedw. Raifa: VH+ (#25/30, collection of 1931); À++ (very rare in dry pine forests).
We found it few times on banks of fire-prevention trenches, usually associated with Cephaloziella rubella. The suitable places are much more common, than the plant itself, and than Cephaloziella rubella. Saraly: Two collections, along forest road and under upturned roots of fallen trunk, on sand covered rotten roots . Callicladium haldanianum (Grev.) Crum Raifa: VH+ (#81); !À++ (rather common, on stumps and trunk bases). The species is common now, occurring in the same habitats, but preferring recently fallen logs, usually dominating on their upper and side surfaces. Saraly: Sporadic to common on rotten logs in different forest types .
Calliergon cordifolium (Hedw.) Kindb. Raifa: K+; VH+ (#53); !À+ (in #26 in Carex swamp and along Ser-Bulak Creek banks). According to our observations, it is a common species, occurring at edges of wet depressions in conifer forest and various swamps and mires, in Alnus gluticosa swamps, temporarily dried creek beds, etc. Saraly: small bogs in depressions between dunes, more rarely on gulf banks (among Phragmites and Typha) . C. giganteum (Schimp.) Kindb. Raifa: !A++ (in mires, not common; in her collection in KZN is a specimen from Goluboe Lake, 18.VII.1948, where this species is mixed with Drepanocladus aduncus). We failed to find this species now. Calliergonella cuspidata (Hedw.) Loeske Raifa: VH+ (#67); À++ (in Carex swamps and in mire in #53, sporadic). Not found now despite intentional search. C. lindbergii (Mitt.) Hedenäs (Hypnum lindbergii Mitt.)
Raifa: VH+ (#51); !À++ (common in eutrophic and mesotrophic mires). In those habitatats found few times (in big quantity in mire west of Sadovyj settlement); more common along wet forest edges bordered by oligotrophic meadows, and also on small meadows among forest. Saraly: rare, on wet soil at gulf bank, in small swamp among forest and in depression on hay meadow . Campylidium sommerfeltii (Myr.) Ochyra (Campylium sommerfeltii (Myr.) J.Lange) Raifa: À? (Ariskina reported C. hispidulum in #70, in wet depression, in water, a habitat not common for the species). We collected this species several times on rotten logs (as it commonly grows in Central Russia) along Sumka and Ser-Bulak Creeks, and also in the relatively wet Tilia forests and mixed forests with spruce. Saraly: Rare, on soil bank along a forest road and on inclined trunks of Salix and Padus at gulf shore (#32) . Ceratodon purpureus (Hedw.) Brid. Raifa: K+; VH+ (#51); !À+ (very common on soil in forest and along roads, also on stumps). Common on soil in seminatural (forest edges, open pine forests) and secondary places; also on trunks (especially on Betula), bricks, concrete, old roofs. Saraly: Common on slopes to water-reservoir, not rare also in other habitats . Cirriphyllum piliferum (Hedw.) Grout Raifa: VH+ (#66, ravine); !À++ (#66, ravine). Now it was found many times in ravines and in forests with more or less dense spruce [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Climacium dendroides (Hedw.) Web. et Mohr Raifa:
VH+ (#67); À++ (frequent, in wet forests and in swamps, on soil and stumps). Frequency and habitats remain the same; occasionally grows on aspen trunks up to 1-2 m above ground. Saraly: Sporadic, on soil in small swamps and along gulf shores .
Dicranella cerviculata (Hedw.) Schimp. Raifa: À. We found this species three times: #130N (under upturned roots at swamp edge), #126 (same habitat), #47 (sandy-loamy soil bank of deep karst depression) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . D. heteromalla (Hedw.) Schimp. Raifa: À++ (#39; one locality, at the edge of swamp). Now it is common along trenches and compartment lines in different types of forest, including relatively dry pine forests; sporadically occuring under upturned roots of fallen trees (especially in forests with spruce. ' herbarium sub. D. fragilifolium, the specimen being obviously taken from Vasil'eva collection). We found this species to be locally common in old broad-leaved stands, on old trunks of Tilia, Quercus, Acer, Ulmus, in the same areas where Neckera pennata and Anomodon longifolius are common (i.e. ##65, 66, 67,78, 79, 80, 81; ##32, 33, 37; ##1, 3 [Krylov (1904) and Ariskina (1968) sive, but they include mostly hepatics, and the published data on mosses are rather uninformative, because they include mostly common species. 2. Vasil'eva's data (1929) (1930) (1931) are confined almost only to mosses with very few hepatics. Her moss collection is really complete and includes a lot of rare species.
3. Ariskina's data (herbarium of 1948, observations in 1940-1960s) includes some obvious mistakes (mostly about rare species), but provides characteristics of abundance, which are probably relatively reliable for widespread (in that time) species.
A comparison of the above data with our collections and observations from 2003 and 2005 can be summarized as follows:
EPIXYLIC BRYOPHYTES Ten hepatics reported by Zenkova (1951) were not found now at all. These species include Blepharostoma trichophyllum, Crossocalyx hellerianus, Leiocolea heterocolpos, Liochlaena lanceolata, Lepidozia reptans, Riccardia latifrons, R. palmata, Schistochilopsis incisa, Solenostoma sphaerocarpum, and Tritomaria exsecta. It is important to note that some of them, e. g. Lepidozia and Blepharostoma were not considered to be not rare in the latter part of the XIX century (Zenkova, 1951) . Our intentional search for Lepidozia and Blepharostoma covered all the most appropriate habitats of this species, but produced no positive results.
The marked decline of epixylous hepatics is a well-documented fact in many areas, for example, Moscow Province (Ignatov & Ignatova, 1990) , Scandinavia (Sädersträm, 1988) , California (Norris, 1987) , etc.
EPIPHYTIC BRYOPHYTES Most of the epiphytic species (e. g. Anomodon longifolium, Homalia trichomanoides, Pseudoleskeella nervosa) have retained their frequency. Several epiphytes were found for the first time. Among them Anomodon attenuatus (found just once) and Myrinia pulvinata (found in specific habitats in flood plain) may not be particularly noteworthy with respect to changes in the environment. However, the finding of Orthotrichum obtusifolium and O. gymnostomum is intereisting; these species usually avoid more dense forests, occurring in more or less open stands. A comparison with historical data shows that Radula complanata has probably also became more frequent, and this species also grows in relatively open stands.
At the same time, Leucodon also prefers rather open stands, but its frequency has not increased, rather it has probably decreased. Similarly, Anomodon viticulosus, which has disappeared, and Entodon schleicheri, which has become exceedingly rare, are also relatively heliophylous species.
Thus, the available data does not lead to obvious interpretations of these changes or to trace any apparent tendencies in the composition of epiphytic mosses.
EPIGEIC BRYOPHYTES We found in Raifa for the first time Blasia pusilla, Cephaloziella rubella, Isopaches bicrenatus, Lophozia excisa, Atrichum angustatum, A. tenellum, Barbula unguiculata, Bryum argenteum, B. pallens, Dicranella cerviculata, D. varia, Didymodon fallax, Pogonatum dentatum, Pohlia andalusica, P. annotina, P. melanodon, Schistostega pennata, Tortula truncata. Although it is difficult to prove that some of these species were not simply overlooked by previous authors, some of them (e. g. Blasia pusilla, Bryum argenteum, etc.) are conspicuous plants growing along road, so their appearance, or at least great expansion, seems unquestionable.
Interestingly, the available data also can be interpreted to indicate expansion of Cirriphyllum piliferum, Sciuro-hypnum oedipodium, Dicranella heteromalla, Funaria hygrometrica, Leptobryum pyriforme, Oxyrrhynchium hians, Pogonatum urnigerum, and Pohlia wahlenbergii. In the past these species were in the past either much rarer and /or having more narrow habitat preferences. Their expansion can be linked, first of all, to the system of fire-prevention trenches that usually follow compartment lines. The constant presence of open soil allows the spread here of Leptobryum, Dicranella heteromalla, Pohlia annotina, Cephaloziella, Buxbaumia, etc. The spreading of Blasia, Pohlia melanodon, P. wahlenbergii, etc. along forest roads may be also explained by the general eutrophication of the forest, which was probably less before the XX century due to pasturing and periodical forest fires. Noteworthy too is the increase of Oxyrrhynchium hians, Sciuro-hypnum oedipodium and Cirriphyllum piliferum. Unfor-tunately, the lack of relevant historical documentation does not allow discussion on the impact of forest pasturing (and especially the release from pasturing) on the plant species composition.
Two other epigeic species are important to mention, although difficult to interpret, because their habitats seem still well-remained: Abietinella abietina had declined considerably in forest openings, and Plagiomnium drummondii, a rare species, was not found despite a special search. Some other species are discussed in next section.
MIRE COMPLEX We failed to find Breidleria pratensis, Calliergon giganteum, Calliergonella cuspidata, Hamatocaulis vernicosus, Meesia triquetra, Rhizomnium pseudopunctatum, Sphagnum compactum, S. majus, S. platyphyllum. It seems that most of these species grew in a minerotrophic fen (Karasikha) that was strongly modified by the building of settlement on its edge, which resulted in eutrophicaltion, the formation of dense Alnus glutinosa stands, and a consequent loss of fen species. However, some species, e. g., Hamatocaulis, were reported as fairly common (Ariskina, 1968) . We are inclined to trust these data, despite the fact that Ariskina data are not always accurate. The parallel situation is known in Moscow Province, where Hamatocaulis vernicosus was documented as not a very rare moss in the beginning of the XX century, but Ignatov & Ignatova (1990) found that only one population was still extanct by the 1980s over an area of about 50 000 sq. km. The drainage of wetlands and overall eutrophication were usually considered as the main reason for the decline of Hamatocaulis in the Moscow Province. These reasons, however, can be applied to Raifa only in part. Certainly, some bogs in the upper course of the Ser-Bulak were drained and the Ser-Bulak bed was at places straightened in its upper course in the mid-XX century.
On the other hand, eutrophication is an evident reason for mire change only in close proximity to the settlement of Sadovyi. In other plases it agrees with the general eutrophication of forests discussed above, but disagrees with the complete decline of Calliergonella cuspidata, which is usually becoming more abundant as a result of eutrophication (e. g. Kooijman, A. M. & C. Bakker, 1993) .
Most probably, the changes in abundance of species in this group are dependent on the general descrease of the ground water level, but this process needs more thorough studies.
NON-REVEALING SPECIES There are some species which were more likely overlooked by previous authors or by us. We refer to group of newly discovered species, including Cephalozia lunulifolia, C. pleniceps, Cephaloziella elachista, Riccia canaliculata, Bryum moravicum, Drepanocladus polygamus, Fissidens taxifolius, Hygroamblystegium humile, Plagiomnium confertidens, Plagiothecium curvifolium, P. latebricola, Polytrichastrum formosum, Sciuro-hypnum starkei, Sphagnum pulchrum, and Splachnum ampullaceum.
Species that were not found by us include: Cladopodiella fluitans*, Bryum intermedium*, B. lonchocaulon*, Fontinalis antipyretica*, Orthotrichum affine*, Polytrichum pallidisetum, Sphagnum cuspidatum, S. denticulatum, S. jensenii*, Tortula acaulon*. The asterisk indicates that there are no specimens in KZN.
